The nuclei and chromosomes were isolated from plasmodia of Physarum polycephalum. The nuclear matrix and chromosome scaffold were obtained after the DNA and most of the proteins were extracted with DNase I and 2 M NaCl. SDS-PAGE analyses revealed that the nuclear matrix and chromosome scaffold contained a 37 kD polypeptide which is equivalent to tropomyosin in molecular weight. Immunofluorescence observations upon slide preparations labeled with anti-tropomyosin antibody showed that the nuclear matrix and chromosome scaffold emanated bright fluorescence, suggesting the presence of the antigen in them. Immunodotting results confirmed the presence of tropomyosin in the nuclear matrix and chromosome scaffold. Immunoelectron microscopic observations further demonstrated that tropomyosin was dispersively distributed in the interphase nuclei and metaphase chromosomes.
INTRODUCTION
The nuclear matrix and chromosome scaffold are the residual fibrillar network structures of the nucleus and chromosome which are depleted of DNA, histone and most of nonhistone proteins [1] [2] [3] [4] [5] [6] . These two structures are dynamic during the cell cycle and play important roles in various activities essential for the cell life [7] [8] [9] . The main component of nuclear matrix and chromosome scaffold is nonhistone proteins [1] [2] [3] [4] , [10] . Although many biochemical and immunocytochemical analyses have been conducted concerning protein composition of the nuclear matrix and chromosome scaffold, only a few proteins (such as topoisomerase II) have been identified [11] [12] [13] [14] [15] [16] . Some previous biochemical analyses indicated that a polypeptide of about 37 kD, which is equivalent to tropomyosin in molecular weight, existed in the nuclear matrix and chromosome scaffold [15] , [17] [18] [19] [20] and this polypeptide might represent tropomyosin [19] . In order to gain a clear idea whether tropomyosin exists in the nuclear matrix and chromosome scaffold, we analysed the protein composition of the nuclear matrix and chromosome scaffold of P. polycephalum with SDS-PAGE and localized tropomyosin in the nuclear matrix and chromosome scaffold with immunodotting, immunofluorescence and immunoelectron microscopy.
MATERIALS AND METHODS

Strain resource and culture methods
Strain TU291 was a gift from Dr. Philipe Albert, Cytobiology Laboratory of Reims University, France, and the culture method was referred to Daniel and Baldwin [21] .
Preparations of nuclear matrix and chromosome scaffold
Nuclei were isolated from the plasmodia of suspension culture referred to the method of Mohberg and Rusch [22] . The procedure of isolating chromosomes was as follows: the synchronized plasmodia were monitored with light microscope at regular intervals, and the plasmodia at metaphase was put into the isolation solution precooled in ice-water; metaphase nuclei were isolated according to the method of Mohberg and Rusch [22] , the isolated metaphase nuclei were resuspended in the isolation solution, disposed twice with ultrasonic waves (each for 30 sec), centrifuged at 3000 g for 20 min, and chromosomes were obtained by purifying the sediments. The isolated interphase nuclei and metaphase chromosomes were suspended in Tris buffer (2mM Tris-HCl, 50 mM NaCl, 10 mM MgCl 2 , 1 mM PMSF, pH 7.4), digested with 200 mg/ml DNase I at 37 for 30 min and disposed with 2 M NaCl at room temperature for 20 min. The final specimens were obtained after washing and centrifuging.
SDS-PAGE analysis
Nuclear matrix and chromosome scaffold were dissolved in Laemmli buffer [23] , heated at 100 for 4 min and centrifuged to remove residuals. Slab gel electrophoresis was carried out in the presence of SDS according to Laemmli [23] using 12% polycrylamide. The gels were stained with Coomassie Blue (R-250) and decolored in alcohol-acetate.
Indirect immunofluorescence labeling
Isolated interphase and metaphase nuclei were fixed in 45% acetic acid for 10 min and squashed on slides. Cover slips were removed with the liquid nitrogen method and then the specimens were postfixed in 4% paraformaldehyde for 20 min, washed in 10 mM PBS for 20 min, disposed with 2 M NaCl at room temperature for 20 min, washed in 10 mM PBS for 10 min, digested with 200 g/ml DNase I at 37 for 30 min. After washing in 10 mM PBS, the specimens were blocked with 1 % bovine serum albumin (BSA) for 30 min, incubated with rabbit anti-tropomyosin antibody (T 3651, purchased from Sigma) at a 1:30 dilution in PBS containing 0.1% BSA at 37 for 1 h and then at 4 overnight, washed with 10 mM PBS, incubated with FITC conjugated sheep antirabbit IgG antibody at a 1:40 dilution in PBS containing 0.1% BSA at 37 for 1 h. Controls were exposed only to FITC conjugated sheep anti-rabbit IgG antibody. Finally, the specimens were covered with 90% glycerol, observed and photographed with Olympus BAH-2 fluorescence microscope.
Indirect immunodotting
The specimens of the nuclear matrix and chromosome scaffold were transferred to NC (nitrocellulose) film. BSA was used as control. The NC film was incubated in PBST (PBS containing 0.05% Tween 20, v/v) and 5% (w/v) skimmed milk powder at room temperature for 1 h, washed three times in PBST for 10 min each. The film was incubated with rabbit anti-tropomyosin antibody at a 1:500 dilution in PBST/milk containing 1% sheep serum at 37 for 2 h, washed three times in PBST, and then incubated with horseradish peroxidase conjugated sheep antirabbit IgG antibody at a 1:500 dilution in PBST/milk containing 1% sheep serum at 37 for 1 h, washed three times in PBST. The antigen-antibody complex was visualized by incubation of the washed film with 0.5 mg/ml DAB (diamino-benzidine) in PBS containing 0.006% (v/v) H 2 O 2 for 1-2 min.
Indirect immunogold labeling
The specimens were collected from the synchronized plasmodia in interphase and metaphase, fixed in a mixture of 1.5% gluteraldehyde and 4% paraformaldehyde for 2 h, and then dehydrated in ethanol, embedded in Lowicryl K4M resin. Sections (60-80 nm thick) were cut with LKB-V ultratome, disposed in 1% saturated NaIO 4 for 45 min and 0.1 M HCl for 10 min, and then blocked with 1% BSA in PBSTG (PBST containing 15 mM glycine, pH 7.4) at room temperature for 15 min. After that, the specimens were incubated with rabbit anti-tropomyosin antibody at a 1:40 dilution in PBSTG at room temperature for 1 h and at 4 o C overnight, washed in PBSTG and incubated with protein A-colloidal gold at a 1:20 dilution in PBSTG at room temperature for 1 h. The specimens were finally washed in distilled water, air dried, observed and photographed with an Hitachi-600 transmission electron microscope. Control grids were interacted only with protein A-colloidal gold.
RESULTS
Protein analysis of nuclear matrix and chromosome scaffold
Nuclear matrix and chromosome scaffold were prepared from the isolated nuclei ( Fig  1A) and chromosomes (Fig 1B) according to the methods mentioned in materials and methods. The results of protein gel electrophoresis showed about 30 polypeptides in the nuclear matrix (Fig 2A) and about 20 polypeptides in the chromosome scaffold (Fig 2B) . Most polypeptides of the nuclear matrix are identical with that of the chromosome scaffold in molecular weight, while, some polypeptides found in the nuclear matrix were absent or present in reduced quantity in the chromosome scaffold (compare Fig 2A and  Fig 2B) . A 37 kD polypeptide which was equivalent to tropomyosin in molecular weight was found in both the nuclear matrix and chromosome scaffold (Fig 2, arrow indicated) .
Detection of tropomyosin with immunofluorescence technique
The nuclear matrix and chromosome scaffold labeled with anti-tropomyosin antibody emanated bright fluorescence when observed on the fluorescence microscope (Fig 3A and  B) , and the fibrillar nature of the nuclear matrix could be recognized (Fig 3A) . No bright fluorescence was found in the controls incubated only with FITC conjugated secondary anti-rabbit IgG antibody (Fig 3C) , indicating that the experimental system was highly specific and that the bright fluorescence observed was derived from tropomyosin. 
Detection of tropomyosin with immunodotting
The protein preparations of the nuclear matrix and chromosome scaffold showed color reaction when incubated with rabbit anti-tropomyosin antibody and detected with horseradish peroxidase conjugated secondary antibody as described in Materials and Methods . The color was gradually weakened along with the dilution of the protein preparations and finally became undetectable. No color reaction was observed in the controls which were incubated only with BSA. The results further verified that the antigen identified by anti-tropomyosin antibody existed in the nuclear matrix and chromosome scaffold.
Localization of tropomyosin with immunoelectron microscopy
Many gold particles representing tropomyosin were observed in the sections of both interphase nuclei and metaphase nuclei previously incubated with anti-tropo-myosin antibody. Gold particles were scattered in the interphase condensed chromatin, nucleoplasm and nucleolus (Fig 4A) and metaphase chromosomes (Fig 4C) . In controls which were incubated only with protein A-colloidal gold, few gold particles were observed in interphase nucleus (Fig 4B) and metaphase chromosomes (Fig 4D) . The statistical data (Tab 1) showed that the densities of gold particles in anti-tropomyosin antibody incubated interphase nuclei and metaphase chromosomes were 63.12/μm 2 and 71.05/μm 2 , respectively, much higher than that of the interphase nuclei and metaphase chromosomes in control group which were only 3.08/μm 2 and 4.91/μm 2 . These results indicate that the gold particles observed in the specimens were mainly due to the specific combination between the antibody and antigen and that tropomyosin was dispersively distributed in the nuclei and chromosomes. showing many gold particles distributed in nucleolus (NU), nucleoplasm (NM), chromatin (Ch) and cytoplasm (Cyt) ( 39000). B. A portion of an interphase nucleus in controls which were incubated only with protein A-colloidal gold, a few gold particles were found in the nucleus and cytoplasma ( 39000). C. A metaphase nucleus incubated with anti-tropomyosin antibody and detected with protein A-colloidal gold, showing that there were many gold particles in chromosomes (Chr) ( 30000). D. A metaphase nucleus in controls which were incubated only with protein A-colloidal gold, a few gold particles were present in the chromosomes ( 30000). Bar = 0.5μm
DISCUSSION
Many authors have analysed the protein composition of the nuclear matrix and chromosome scaffold with the SDS-PAGE technique [1, 10, 19, [24] [25] [26] , but their results did not give an unequivocal view about the composition as different materials and methods were used in their experiments. Since nuclear matrix and chromosome scaffold are complicated and dymanic complex of proteins, and, moreover, protein gel electrophoresis itself can not identify the individual proteins, so further understanding of the components of the nuclear matrix and chromosome scaffold is still necessary
In recent years, some authors have ascertained some proteins of the nuclear matrix and chromosome scaffold with immunocytochemical method. Earnshaw et al. [11] and Adachi et al. [12] indicated that Topoisomerase II is a component of the chromosome scaffold and nuclear matrix. Nakayasu and Berezney [13] identified, with two dimensional IEF/SDS-PAGE and immunobloting, laminins A, B, C, nucleolar protein B23 and some matrins as components of the nuclear matrix in a broad sense. Lang and Loidl[ith the results o16] reported that a 65 kD and a 67 kD lamin-like proteins were detected in the nuclear matrix. Grabber et al [14] and Eberharter et al [15] demonstrated that intermediate fibre protein was the component of the nuclear matrix. Some previous experiments indicated that a 37 kD polypeptide which is equivalent to tropomyosin in molecular weight existed in the nucler matrix and chromosome scaffold [15, [17] [18] [19] [20] , and this polypeptide might represent tropomyosin [19] . Our experiments of protein analyses showed that a 37 kD polypeptide was present in the nuclear matrix and chromosome scaffold of P. polycephalum, which is consistent wf previous reports. Furthermore, our results of immunodotting, immunofluorescence and immunoelectron microscopy simultaneously localized tropomyosin in the nuclear matrix and chromosome scaffold of P. polycephalum. Based on all these results, we suggest that tropomyosin may be present in the nuclear matrices and chromosome scaffolds of various eukaryotes.
Tropomyosin is one of actin-binding proteins, which usually coexists with actin in a wide range of cytoplasmic structures and stabilizes actin filaments by binding along the length of the filaments [27] . We previously reported that actin is the component of the nuclear matrix and chromosome scaffold [28] [29] , but it is unclear about the functions of actin and actin-binding proteins in the nuclear matrix and chromosome scaffold. Hao et al. found that the chromosome construction process comprises two steps, i.e. reorganization of chromatin and condensation of chromosomes, and the non-histone proteins of chromosome scaffold may be closely related to the process [30] . Taking these together, we suggest that tropomyosin may cofunction with actin in the process of chromosome construction.
